Production of eel Anguilla anguilla L. in recirculation systems in Denmark is based on imported glass eels or elvers caught in river estuaries along the European Atlantic coast. Among the parasites introduced to the farms together with the imported eels is Trichodina sp. (Mellergaard & Dalsgaard 1987) , which inhabits the skin and the gills. In the wild, trichodines live externally on fishes with no clinical effects. However, under certain conditions such as intensive aquaculture these ciliates may proliferate massively and have been reported to cause pathology in fish (Bauer et al. 1973 , Schäperclaus 1979 , Mellergaard & Dalsgaard 1987 , Lom & Dyková 1992 , Buchmann & Bresciani 1997 . This study deals with the following aspects of the relations between the eel and Trichodina jadranica: the pathogenity of the ciliate dependent of the condition of the host, the microhabitat on eel and the habitat in eel farms.
Materials and methods.
In order to identify the trichodinids, specimens were collected from eels at 11 different eel farms during a 19 mo period (in 1997 and 1998) and from glass eels or elvers imported from France to Denmark in April 1998. The eels were killed, fixed with needles and as many as possible of the trichodines were collected by scraping mucus from skin and gills (removed from fish) with a scalpel from 1 side of the still moistened eel and transferred to glass slides. The specimens were air dried, impregnated with a 2% silver nitrate solution for 40 min and exposed to ultraviolet radiation for 30 min. Diameters of the adhesive disc and the ring of the denticles, the number of denticles and the number of radial pins per denticle (see Lom & Dyková 1992) were examined microscopically. The results and photographs were compared to results from other studies.
The number of trichodines per fish in relation to fish size were studied in 2 different eel stocks. The eels in Stock 1 (Table 1) were relatively well-nourished and this stock was assumed to be representative of the general condition of eels under farm conditions. In Stock 1, the total number of parasites per fish (the number of trichodines from skin and gills was pooled) (n = 98) was correlated with fish length, weight and condition factor (weight [g] × 100 × length [cm] -3 ) using Spearman's rank correlation test. Furthermore, the microhabitats of trichodines on eels (n = 20) in Stock 1 were examined (gills, head, dorsal body [including dorsal fin] and ventral body [including anal fin]). Another stock of eels, Stock 2, with relatively old (6 to 12 mo) but small fish, discards from several size gradings, were examined. This stock was comprised of 2 distinctive types of eels. Type A (n = 40) was a well-nourished eel and Type B (n = 40) a malnourished eel (Table 1) ABSTRACT: Farmed eel cultured in recirculation systems in Denmark were found infected by Trichodina jadranica Raabe, 1958 . Associations between parasite abundance and fish size was examined in 2 different production systems. In one system, stocked with relatively well-nourished eels (3 to 31 g), most of the parasites (66%) were found on the dorsal part on the skin and relatively few were found on the gills (approx. 8%). The infection level was significantly positively correlated both with fish weight and length. In the other system, stocked with relatively malnourished small eels (0.5 to 4 g), significantly more parasites (0.06 ± 0.02 [SD] ) were present on fish with a low condition factor than on fish with a higher condition factor (0.13 ± 0.01 [SD] ). In this eel stock the vast majority of the trichodines were found on the gills.
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Resale or republication not permitted without written consent of the publisher was converted into 4 categories: 0 = 0 parasites (p); 1 = 1 to 10 p; 2 = 11 to 100 p; 3 = 100 to 1000 p. The categories for Types A and B were compared using the Mann-Whitney U-test (2-tailed).
The location of the trichodines were studied in a recirculation unit (total volume: 90 m 3 , no strainer facilities between tanks and biofilters) stocked with approximately 5 t of eels (2 to 50 g) heavily infested with trichodine (approx. 50 to 400 parasites fish -1 ). Water samples (2 × 5 l) and samples of the biofilm from the tank wall (approx. 50 cm 2 at a depth of a few mm, 5 replicates) were taken from both fish tanks and biofilter. The samples were gently filtrated through a cellulose membrane with a pore size of 30 µm (e.g. smaller than the diameter of Trichodina jadranica). A few ml before total filtration the contents was transferred to petri dishes and were examined for the presence of trichodines either free swimming or attached to invertebrates (ciliates, rotifers, copepods, nematodes, turbellarians, oligochaetes and ostracods). In addition, the time of survival of the trichodines separated from the host was examined by following the survival in petri dishes containing farm water (25°C).
Results and discussion. Trichodina sp. was described as being responsible for disease problems in eel Anguilla anguilla in recirculation aquaculture in Denmark in the 1980s (Mellergaard & Dalsgaard 1987) . Later samples of trichodines were identified as T. jadranica (Lyholt & Buchmann 1995) . In the present work all collected trichodines from skin and gills on cultivated eels had a relatively similar body size and a uniformly shaped denticle (thorn, central part and blade) all conforming to the T. jadranica specific characters (Fig. 1) . The examined morphometric characteristics varied within the ranges given in Table 2 . Monocultures of the observed trichodines seem to be the only agent causing trichodiniasis in eel farms in Denmark. The trichodines on newly imported glass eels from France tended to be slightly smaller than the trichodines on farmed eels. However, no difference in the shape of the elements in the skeleton was observed between the specimens found on the 2 types of eel host. Some variation in size between different ecotypes of the same species of trichodines is possible (Schä-perclaus 1979), and we assume the trichodines on the examined glass eels and farmed eels to belong to the same species, T. jadranica.
Growth inhibition is probably the most common effect caused by trichodiniasis (Sanmartin et al. 1991 , Lom & Dyková 1992 . We examined host-parasite relations in 2 eel stocks with different characteristics defined by conditon. In the eel stock representing eels in a relatively good condition we found that the number of trichodines per fish was positively correlated with fish weight (r = 0.33, p < 0.001) and with length (r = 0.35, p < 0.001) but not with the condition factor (r = 0.12, p < 0.22). Most of the parasites were found on the skin (dorsal body, 66%; ventral body, 21%; head, 5%; gills, 8%) (Fig. 2) . Under these conditions, the infection level seemed to be dependent on the surface available as substrate. No direct pathogenic effect of the trichodines was observed.
In the relatively malnourished eels the vast majority of the parasites were located on the gills (Fig. 3) . In this eel stock association between low fish condition and high infection level was observed. Type B eels (condition factor, 0.06 ± 0.02 [SD]) harboured significantly (p < 0.001) more parasites in the gills than Type A eels, which had a higher condition factor (0.13 ± 0.01 [SD]). No difference in the parasite burden on 150 Table 1 . Data on infected (trichodinids) eels examined for host-parasite relations. Stock 1: Relatively well-nourished eels -representative of eel condition in most production systems. Stock 2: Relatively many eels were in a bad condition; 2 distinctive types (A and B) of eels were seen the skin between the 2 eel types was found. Under these circumstances the possibility cannot be excluded that the trichodines were serious pathogens causing growth inhibition of the host. Severe pathogenicity caused by trichodines resulting in mortality has been observed under controlled experiments in other studies (Subasinghe 1993 , Obiekezie & Ekanem 1995 . However, the possibility cannot be excluded that the eels in the present situation were stressed by other factors which increased their susceptibility to infection and that the gills of these fish were a better habitat than the skin. In the recirculation system stocked with heavily infected eels, the tank water contained 1 to 5 free-swimming trichodines per 5 l of water. No trichodines were found in the biofilters or in the biofilm of the rearing tanks. In the absence of a host, the trichodines survived for at most 16 h in petri dishes. Apparently, the trichodines lived on and in the vicinity of the eel, and only left their host temporarily to search for new potential fish hosts. The biofilters did not seem to be a suitable habitat. Formerly, Trichodina sp. have been found on zooplankton (Basson & Van As 1991) , but in this study T. jadranica did not seem to extend its infection to invertebrate hosts, which therefore did not function as a reservoir for the parasite in recirculation eel farms. Fig. 3 . Trichodina jadranica inhabiting Anguilla anguilla. Presence of trichodines on the skin and gills of Stock 2 Type A (condition factor = 0.13) and Type B (condition factor = 0.06) eels
